During the last decade, much attention has been paid to the risk factors of sudden infant death syndrome (SIDS). Many researchers have demonstrated that infant-care practices are linked to the risk of SIDS. Prone sleeping, bed sharing, maternal substance abuse, and cigarette smoking have been reported to be significant potentially modifiable risk factors for SIDS. Despite the reports that the incidence of SIDS has decreased by 38% in the United States, it remains the leading cause of death in the first year of life. Deaths resulting from child abuse or neglect inflicted or permitted by their caretakers being second only to SIDS in infant mortalities and some recommendations regarding the differentiation of SIDS and child abuse have generated speculation that some cases of infanticide were misdiagnosed as SIDS. To reach a proper conclusion as to the cause and manner of death of an infant who died suddenly and unexpectedly, investigation must be thorough and professional.
S udden infant death syndrome (SIDS; cause undetermined/ manner undetermined) has been reported to be the leading cause of death in infants during the postperinatal period (7 to 365 days). In 1989, the National Institute of Child Health and Human Development 1 defined infant deaths to be classified as SIDS if (1) the death of an infant occurs up to the age of 1 year, (2) a thorough postmortem examination fails to demonstrate an adequate cause of death, (3) a death scene investigation is conducted and yields no evidence of unnatural cause of death, and (4) a review of the infant's and the mother's medical records reveals no history of medical conditions that might have caused death. 2 The incidence rate for SIDS in the United States is 1.2 deaths per 1000 live births, 3, 4 with world rates varying from as low as 0.046 per 1000 in Hong Kong to as high as 6.7 per 1000 in American Indians. 5 Epidemiological studies of SIDS have consistently reported the following findings: (1) a unique death distribution, with the majority occurring between 2 and 5 months of age, 6 (2) excessive number of deaths in the winter months, 7 (3) higher death rates among blacks 8 and male infants, 9 -11 and (4) mothers who usually are of a lower socioeconomic status, 12 are predominantly young, 13 have limited education, 14 are unmarried, 15 and frequently use drugs before, during, and after pregnancy. 16, 17 Environmental risk factors shown to be associated with SIDS include carbon monoxide, 18 carbon dioxide, 19 bedding, 20 bed sharing, 21 hypothermia, and hyperthermia. 22, 23 Nonenvironmental risk factors also have been associated with SIDS. The most often cited is the prone sleeping position. 24, 25 The term SIDS was first used in 1969, and in 1978 it was added to the International Classification of Diseases (ICD) code. In Japan, a SIDS study group was formed under the auspices of the Ministry of Health and Welfare in 1981. 26 When the concept of the syndrome was first introduced in Japan, there was an argument among forensic specialists against recognizing it as a legitimate clinical entity. The argument was not limited to Japan only; rather, it is very much alive in many other countries. The opponents of SIDS state that the concept has played important roles in protecting parents who have lost their infants and drawing public attention through media coverage. They allege that the syndrome was originally conceived without a strong justification, 27 and it serves no constructive purposes. 28, 29 Professor J. Huber of Holland was an early advocate in opposing the SIDS theory, and Professor C. Rambaud of France actively supported Huber's point of view. In fact, the latter made a remark at a conference proposing that the World Health Organization remove SIDS from the ICD code. 30 There are 2 theories regarding the concept of negating SIDS as a justifiable clinical entity. The first maintains that SIDS does not exist if the autopsy findings do not clearly support the cause of death. The second takes into account the term unknown etiology as used in defining SIDS. It stresses that when an enormous volume of etiologic studies on SIDS eventually unearths the identity of many diseases as the causes leading to the sudden death of infants, the concept of the SIDS may become invalid. There have been many forensic studies on SIDS, and the aforementioned arguments on its validity as an independent entity continue.
It is believed that SIDS occurs when immaturity (that is differentiated from an abnormality) and physiological adaptations are outside the normal range. Therefore, at the stage just before death, the infant is physiologically normal, and no malfunctions can be discovered by a regular examination. Even after an autopsy no abnormal conditions except sudden death can be found. Perhaps, for this reason, some assert that SIDS does not exist, but is such logic justifiable? For example, in a case of febrile convulsions, an electroencephalographic examination on the child does not show any abnormalities just before the seizure, and when the seizure abates the condition returns to normal. Will it be correct to say that the febrile convulsions did not occur because the findings before and after the seizure were all normal? By following the same logic, it is only natural to come to a conclusion that the child suffered from SIDS when the conditions surrounding him were all indicative of the development of this syndrome, the fact being that an infant expires suddenly, often in the presence of his or her mother or a caregiver, without an accident or crime to which death could be attributed.
In the recent past, the incidence of SIDS deaths has registered a 40% decline in the United States 31 since the recommendations of the American Academy of Pediatrics in 1992 and the National Back to Sleep campaign in 1994 advocating that infants be placed in nonprone positions for sleeping. 32, 33 The dramatic decline in the incidence of SIDS and recent recommendations regarding the differentiation of SIDS and child abuse 34, 35 have prompted speculation, including in the national media, 36, 37 that some cases of infanticide are misdiagnosed as SIDS. Furthermore, a survey of infant deaths in the United States reported a 6.4% rate increase per year in infanticide during the interval from 1983 through 1991. 38 Another study reported some cases of attempts of suffocation carried out by the mothers to their children with the clinical picture of Munchausen by proxy, where SIDS was projected as the cause of death. 39 These reports not only demand that the forensic investigation of sudden infant deaths include review of clinical history, death scene investigation, as well as a detailed postmortem examination but also of the factors associated with SIDS and infanticide.
Factors Associated With SIDS
Epidemiologic studies in the United States, 40, 41 Sweden, 42 New Zealand, 43 and the United Kingdom 44 have all reported that bed sharing of the mother with the infant increases the risk of SIDS. The risk during this cosleeping is further increased if the parents consume alcohol or dugs before cosleeping. 34 It has been hypothesized that these infants die as a result of asphyxia because of overlaying by the parents. Historically, bed sharing has been common in most cultures and is still common in many cultures other than western ones. The potential risk of bed sharing associated with SIDS has also been a subject of controversy. Some studies have postulated that bed sharing may reduce the risk of SIDS by potentiating the bonding process and prompting breastfeeding. 45 Bed sharing may not only increase the risk of asphyxia/suffocation due to overlay but also that of rebreathing of maternal exhaled carbon dioxide. A significantly increased risk of SIDS from bed sharing combined with maternal smoking has also been reported by many researchers. 43 Another major risk factor for infants is thermal stress caused by an excessive amount of clothing, increased layers of covers (sheets, blankets, quilts), or high ambient air tem-perature, which can lead to hyperthermia because of the infant's inadequate thermoregulatory mechanism, 18 especially during the first 6 months of life. 22, 24, 40 However, hyperthermia is extremely difficult to diagnose because there is no specific test or autopsy finding to confirm that an infant was exposed to a thermotoxic environment. 19 Some researchers have reported abnormalities of the mucosa of the small intestines in cases of pediatric heat stroke. 46, 47 Conversely, infants are also vulnerable to hypothermia. 20 The infant's bedding material may play a role in some infant deaths, especially for infants that sleep in a prone position. Bedding material such as sheepskins and natural-fiber mattresses, as well as conventional bedding, have all been reported to be associated with infants who die suddenly because of their properties, such as softness and capacity to limit carbon dioxide dispersal. 48 Carbon dioxide rebreathing is made worse when infants are in the face-straight-down or the face-near-straightdown position. 49 Common bedding material may also pose a potentially dangerous microenvironment for infants in the supine sleeping position as well. Bedding that covers the face just above the eyebrows or covers the entire head poses a potential danger of causing asphyxia stress. The microenvironment under the bedding is exhaled carbon dioxide, and this level increases as the number of bedding layers increases. This increased carbon dioxide level in normal infants would result in a strong ventilatory response and arousal; however, it has been reported that 2% of newborns have no appropriate ventilatory response to gases that cause asphyxia. 50 The association between the prone sleeping position and SIDS has been reported in virtually all epidemiologic studies. According to a 1996 survey, only 24% of infants in the United States sleep in the prone position, and majority of studies have reported an overrepresentation of the prone sleeping position over other positions in SIDS deaths. 51 The exact mechanism associated with the prone position is not known. 49 Hypotheses put forth to explain the death include asphyxia, rebreathing of gases, 46 upper airway obstruction, and backward pressure on the mandible. 49 The prone position has also been associated with decreased arousal, increased sleep duration, and increased amount of non-rapid eye movement (REM) sleep. 52 Prolonged sleep apnea associated with age, low birth weight, and infections has been reported to be another cause of sudden infant deaths. It has been suggested that the respiratory viruses found in about 25% of SIDS cases may cause a rapidly fatal infection or trigger sudden apnea. 39 Allergy to cow's milk or house mites, botulism, spinal hemorrhages, selenium or vitamin E deficiencies, metabolic defects, muscle hypotonia, etc are the other frequently reported factors associated with SIDS.
Forensic Investigation of SIDS
Child death investigation has received considerable attention during the last decade. Studies have reported that a significant number of sudden, unexpected childhood deaths were misclassified for cause and/or manner or were unexplained because of lack of recognition of abuse and neglect, haphazard investigation, and lack of cooperation and communication
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The American Journal of Forensic Medicine and Pathology • Volume 28, Number 1, March 2007 among the responsible agencies. 53 Forensic investigation of sudden infant death involves a thorough death scene investigation, detailed review of clinical history, and complete autopsy, toxicology, radiology, pathology, and microbiology studies to determine the cause and manner of death and the contributory factors.
• Death scene investigation should first start with a general description of the residence (neatness, organization, general state). and unemployment are also important to include, especially in the light of the association between these factors and mothers who are involved with killing their infants. • Severe depression or mental illness of the parent(s) or caretaker, more than 1 unexplained infant death in the family, a prior history of child abuse or neglect of the deceased infant or a sibling, or inconsistent stories about the infant death are indicators of a possible unnatural event. • Autopsy findings including conjunctival petechial hemorrhages, abrasions, or scratches in skin of the nose or mouth, bruises or tears of the mucous membrane of the gums and lips, and cerebral edema may be the signs of homicidal suffocation. • A sample of blood from the heart and swabs from air passages and middle ear should be collected for microbiological culture. • Petechial hemorrhages on the visceral pleura, epicardium, and thymus seen in few cases need careful interpretation as they may be agonal in nature from terminal respiratory efforts against the obstructive airways. • Findings of gastric contents in the air passages may not be used as a cause of death in itself and should be evaluated in conjunction with other attending circumstances.
